ABSTRACT
ration after foreign body ingestion have rarely been reported. To the best of our knowledge, there is no comparative study of gastrointestinal perforation yet. The aim of this study was to investigate the clinical characteristics and outcome of adult intestinal perforations after foreign body ingestion by comparing with intestinal perforation of other non-traumatic causes.
MATERIALS AND METHODS
This retrospective study was conducted in two tertiary hospitals in China, whose study protocol was approved by the Ethical Committees of both hospitals.
The medical records of adult patients, who were over 18 years of age at the time of enrollment and received surgical operation in these two hospitals between January 2003 and October 2013, were retrospectively searched in discharge diagnosis with International Classification of Diseases code 10: K27.101, K27.103, K27.503, K62.810, K63.101, K63.103 and K63.104. Afterwards, the corresponding operation documents were reviewed manually. A total of twenty patients met the diagnosis of gastrointestinal perforation secondary to foreign body, and all the perforation sites were located
INTRODUCTION
Ingestion of foreign bodies is more common in children between 6 months and 6 years of age, [1, 2] and most foreign bodies can pass the gastrointestinal tract without any complications. [3] However, it can also occur in adult patients and cause severe complications with high morbidity and mortality. [4, 5] Although endoscopic intervention is the golden standard treatment for foreign body ingestion, [6] surgical operation is essential for patients with serious complications like gastrointestinal perforation. [7] Adult cases with gastrointestinal perfo-in the small intestine. Therefore, all small intestinal perforation cases of other non-traumatic causes were also included as the control group. Totally, eighty-seven patients were included into the control group.
In this study, decision for surgical operation was based on clinical examination with the aid of plain radiographs or CT scans, which would be performed based on surgeons' assessment and preference. All patients received emergency operations under general anesthesia, and surgical procedure was chosen by the surgeon according to intra-operative findings. All intestinal anastomoses were either hand-sewn or stapled. Prior to abdominal incision closure, peritoneal cavity washout was performed for all patients. After the operation, all patients received empiric antibiotics and fluid resuscitation treatment.
Medical records of all patients, including demographic data, past history of systemic diseases and abdominal surgery operation, initial clinical presentations, accessory examination, therapeutic interventions, complications during hospitalization and outcomes, were reviewed and analyzed. Physical status was classified by American Society of Anesthesiologists (ASA). [8] The severity of abdominal sepsis and post-operative complications were graded with the Mannherm peritonitis index (MPI) [9] and the classification proposed by Clavien and group, [10, 11] respectively. 
RESULTS
A total of one hundred and seven patients were diagnosed with small intestinal perforation and received surgical operation treatment in our study. Of these cases, twenty (18.7%) patients were diagnosed with intestinal perforation secondary to foreign body, and the remaining eighty-seven (81.3%) patients were diagnosed with intestinal perforation secondary to other causes, including hernia (n=30, 28.0%), adhesion (n=17, 15.9%), Crohn's disease (n=8, 7.5%), diverticulitis (n=7, 6.5%), malignancy (n=6, 5.6%), tuberculosis (n=2, 1.9%), mesentery vein thrombus (n=1, 0.9%) and other unclear causes (n=16, 15.0%).
In this study, 35% and 42.5% patients of the foreign body group and control group were over 65 years of age, respectively, which is much higher than the local elderly population ratio of 9.8% (p=0.002, 0.000, respectively). Predisposing factors for foreign body ingestion were wearing dentures: n=13 (65%); allotriophagy: n=1 (5%); and dysgnosia: n=1 (5%). Except for one case of allotriophagy, all patients hadn't presented with foreign body ingestion history. All were unconscious of having ingested any foreign bodies, except for one case with allotriophagy and one case with dysgnosia. There was no statistically significant difference in demographic data, previous history, and physical status between the two groups ( Table 1) .
Patients of the foreign body group had higher probability of presenting with local abdominal pain with or without peritoneal irritation while diffuse abdominal pain with peritoneal irritation was more often in the cases of other non-traumatic causes. Pre-operative CT scan had higher accuracy in the foreign body group, which showed signs of pneumoperitoneum and foreign body in all seven cases (Figs. 1a, b), with the foreign body of one patient detected retrospectively after operation owing to the low density of the ingested common jujube seed. The differences between the two groups in blood pressure, body temperature, white blood cell count, leucocrit, or plain film results were not statistically significant, as shown in Table 2 .
All patients were diagnosed with small intestinal perforation intra-operatively. Foreign bodies found during operation were fish bones (n=11, 55%), bone flaps (n=4, 20%), com- (a) (b) mon jujube seeds (n=2, 10%), metal threads (n=2, 10%), and toothpick (n=1, 5%). Comparison of surgical treatments and outcomes in both groups during hospitalization is shown in Table 3 . The duration of surgical operation in the foreign body group was shorter than in the control group, but it was not statistically different. Ileum was involved more often than jejunum in both groups. MPI was associated with prognosis and complication (p=0.00) and mean MPI was significantly lower in the foreign body group. During surgical operation, perforation repair was performed more often in the foreign body group while partial intestinal resection, stoma or right hemicolectomy were done more often in the control group. There was no death case in the foreign body group while the mortality rate was 12.6% in the control group, and the morbidity rate of the foreign body group and control group was 35% and 55.2%, respectively. Accordingly, the duration of hospitalization was shorter in the foreign body group than in the control group.
In this study, no statistical significance could be found in any study items between the patient groups from two hospitals.
DISCUSSION
As previous case series have reported, the groups with increased risk of ingesting foreign bodies include children and adolescents, the elderly, psychiatric patients, drug addicts, and alcoholics. Oral problems, wearing denture, improper mastication and poor vision are predisposing factors of foreign body ingestion. [12] The majority of our patients were the elderly, and 35% of the patients in the foreign body group were over 65 years of age. Wearing dentures was the most common predisposing factor since the presence of dentures impaired the tactile sensitivity of the palate, resulting in unconscious ingesting of foreign bodies. [13] Previous abdominal operation history might increase the risk of gastrointestinal perforation after foreign body ingestion since 35% of the patients in the foreign body group had history of such surgical operation, and foreign body is easy to impact narrow, angled, pouching areas, and zones with adhesions or surgical anastomosis. [5] Most ingested foreign bodies can pass through the gastrointestinal tract successfully without any complications, with only about 1% of the foreign bodies perforating the intestinal wall. However, if the foreign body is a sharp object, the possibility mounts up to 35%. [14] In up to 93% of the cases, foreign bodies are component parts of ordinary diet. [15] In our group, all foreign bodies were sharp objects, and in seventeen cases (85%), they belonged to ordinary diet. Although perforation can take place all over the alimentary tract, the ileocaecal region is the most common area. [15] In our study, all patients had small intestinal perforation, and most of the perforation sites (17/20) were located in distal ileum within 2 m to the ileocaecal valve.
The perforation process caused by progressive impaction of the foreign body is usually slow, allowing perforation site to be covered by fibrin and adjacent loops and prevents the leakage of extensive quantities of fluid or gas. [16] As a result, the occult symptoms varying from abdomen pain to local or diffuse peritonitis, along with the lack of awareness of having ingested any foreign bodies, make preoperative diagnosis difficult. [13] Clinically common denominator is acute abdominal pain accompanied by severe inflammatory laboratory tests (severe elevation of the white blood cell count and C-reactive protein level). [17] In our study, there was no significant difference between the two groups on vital signs and laboratory tests. However, more patients in the foreign body group presented with slight symptoms and physical signs, and the group hadn't presented with foreign body ingestion history, except for one case of allotriophagy. As a result, five cases were misdiagnosed as having acute appendicitis pre-operatively. Exposure was very difficult 3 of the cases because the perforation site was far away from the incision.
Since the leakage of intestinal contents and gas is usually in small amounts and spontaneous closure of the defect and rapid resorption of any free gas can occur between the occurrence of the perforation and subsequent radiologic examination, pneumoperitoneum is seen in less than 50% of the patients in abdominal plain film. [18] Radiographs might only show the signs of small intestinal obstruction and could not identify the foreign body unless it is sufficiently radiopaque. Although chicken or fish bones may be sufficiently radiopaque to be found on abdominal plain film, large amount of soft tissue or fluid may obscure their minimal calcium contents, particularly in obese patients. [19] The sensitivity of plain film was low in both groups in our study. In the foreign body group, of the twelve cases who received plain film radiography examination, only four (33.3%) patients showed signs of pneumoperitoneum, and only the metallic foreign bodies could be found in one allotriophagy patient.
CT scan can detect the calcified content of ingested foreign body, the presence of very small quantity of extra-luminal gas and associated complications, like abscess and obstruction. On the other hand, CT scan can eliminate other possible causes of acute abdominal conditions. [20] Thanks to the increasing availability of multidetector-row CT and spiral CT, high quality multiplanar reconstructions can be obtained with a very short delay, and foreign bodies are found without the restriction by their orientation. [17] More and more emergency patients with various non-traumatic acute abdominal conditions receive CT scans, which can characterize the aetiology of their abdominal pain and has the greatest impact on hospital admissions and surgical management. [21] In our group, preoperative CT scan was performed in seven patients, all of whom showed signs of pneumoperitoneum and foreign bodies in plain scans and associated reconstructions. Interestingly, preoperative CT scan had higher sensitivity in the foreign body group than in the control group, and the reason might be associated with the existence of foreign body that attracted the attention of the image readers. Therefore, we propose that plain scans and associated reconstructions, which are cost-effective and easy to obtain, are enough in such emergency situations.
Preoperative diagnosis of intestinal perforation after foreign body ingestion relies on photography examination. Recent technical developments have led to the wide usage and elevated accuracy of CT scans. Nevertheless, definitive diagnosis is usually reached during exploratory laparotomy for most patients. [22] Surgical treatment is tailored to the individual patient. If conditions permit, laparoscopic repair can be attempted. [23] Surgical principles for intestinal perforation include early containment of the contamination, copious lavage, and partial resection for diseased segment removal and pathological examination. [24] In the foreign body group, more perforation closure operations were performed because of higher portion of small perforations and lower abdominal contamination. Another important reason was that the etiology of perforation could be confirmed during operation, and there was no need to perform partial intestinal resection for pathological examination.
Although medical treatment has improved greatly since more than half a century, the mortality rate of small intestinal perforation is still as high as about 19.1%. [24] Postoperative mortality attributed to intestinal perforation after foreign body ingestion is 6.1-6.5%, and morbidity is 24.2-57.6%. [5, 15] Some of the factors associated with poorer outcomes include worse peritoneal contamination and significant physiological derangement. [24] The morbidity of our foreign body group was comparable to other series at 35%. Though it was still considerable, most of the cases (71.4%) had mild complications. Apart from morbidity, there was no dead or anastomosis leakage cases in the foreign body group. MPI can predict the outcome of patients according to the severity of the peritonitis as the patients with higher MPI scores were associated with worse perioperative outcome. [24] In our study, MPI scores was associated with prognosis and complication. The control group had higher MPI scores, and accordingly, had higher mortality, morbidity rates and longer duration of hospitalization. The reason of this phenomenon might be that the greater diameter of perforation and pre-existing complications before perforation, like intestinal and infection, caused worse peritoneal contamination and more significant physiological derangement in the control group.
Like perforation of other non-traumatic causes, small intestinal perforation secondary to foreign body was more common in the elderly population and involved ileum more often. It was difficult to diagnose pre-operatively without the history of foreign body ingestion, typical symptom or physical signs. Plain CT scan and associated reconstruction had high accuracy to make the diagnosis and locate the foreign bodies. It was proper and safe to repair by primary suture after foreign body removal. As compared with small intestinal perforation of other non-traumatic causes, the patients with small intestinal perforation after foreign body ingestion had relatively lower MPI scores, and consequently had lower mortality, morbidity, and shorter hospital stay after operation.
